Abstract The commonly accepted indication for surgical intervention in necrotizing enterocolitis (NEC) is perforation of the bowel. In this study, the indication and role of surgery was assessed in neonates born with symptomatic congenital heart disease (CHD). Records of neonates admitted to a single institution in Hong Kong between January 1981 and December 1997 with symptomatic CHD who subsequently developed NEC were reviewed. The patients were categorized into cyanotic and acyanotic groups. Of 850 neonates with CHD admitted during the period, 30 developed NEC (3.5%); 17 had cyanotic and 13 had acyanotic heart disease. The average Apgar scores at 1 and 5 min were 7.5 and 8.6, respectively. The mean gestational age was 37.7 weeks and the mean birth weight was 2.5 kg. The mean age at which NEC developed was 16 days. The overall mortality in the proven cases of NEC was 57%. After excluding the suspected NEC cases (stage I), it was found that surgery in the proven NEC cases without perforation, i.e., stages II and IIIA, resulted in higher survival than in those managed medically (75% vs 44%). The cyanotic patients had higher mortality than the acyanotic group (71% vs 39%). Neonates with CHD who develop NEC belong to a unique group of mature babies with reasonable birth weights and Apgar scores, unlike the common NEC patient population. The mortality of these patients is extremely high, and a modi®ed management approach is required. Surgical intervention may be indicated at a much earlier stage of proven NEC before gut perforation occurs.
Introduction
Necrotizing enterocolitis (NEC) is a condition commonly encountered in premature infants with low birth weight. The contributing risk factors include asphyxia, apnea, hypotension, sepsis, and congenital heart disease (CHD). A commonly accepted indication for surgical intervention is a pneumoperitoneum [1] . The mortality of NEC in infants with CHD is high. The current study aimed to assess the indication and role of surgery in NEC in neonates born with symptomatic CHD.
Materials and methods
Records of neonates admitted to a single institution in Hong Kong from January 1981 to December 1997 with CHD who subsequently developed NEC were reviewed. The NEC was staged according to a modi®ed Bell's classi®cation ( Table 1 ). Factors that could contribute to the prognosis were examined. These included gestational age, Apgar scores, birth weight, anatomic cardiac defect, heart failure, renal failure, previous cardiac procedures, and infusion of prostaglandin E 2 . Heart failure was de®ned as tachycardia, tachypnea, and hepatomegaly with the liver margin 3 cm below the costal margin. Renal failure was de®ned as anuria for more than 6 h.
The CHDs were categorized into: (1) a cyanotic group, which was subdivided into (i) pulmonary out¯ow tract obstruction and (ii) transposition of the great vessels subgroups and (2) an acyanotic group, which was subdivided into (i) left-to-right shunt and (ii) left ventricular out¯ow tract obstruction subgroups. Immaturity was de®ned as gestational age below 37 weeks. The survival rates after medical and surgical management were compared using chi-square analysis and Fisher's exact test. P < 0.05 was taken as being statistically signi®cant.
Results
There were 850 neonates with CHD admitted during the study period, 30 (3.5%) developed NEC. Thirteen (43%) underwent cardiac catheterization or operation prior to the development of NEC; 21 (70%) received prostaglandin E 2, 19 Iv and 2 orally. Fourteen patients were in cardiac failure and 7 experienced hypotensive episodes.
There were 14 girls and 16 boys; 25% of the patients were preterm. The mean (+/ASD) gestational age was 37.7 (3.3) weeks and mean birth weight 2.5 (0.7) kg. The mean Apgar scores at 1 and 5 min were 7.5 (1.5) and 8.6 (0.8), respectively. The mean age at the onset of NEC was 16 (15) days. Two patients had Noonan syndrome and 1 had Down's syndrome. A patent ductus arteriosus (PDA) (n = 24) was found in 80% of the patients. There were 17 patients with cyanotic and 13 with acyanotic heart disease ( Table 2) .
The most common presentation of NEC included abdominal distension (75%) and rectal bleeding (38%). The ileum and cecum were the most frequently aected segments (Fig. 1 ). There were 6 patients with stage I disease, 13 with de®nitive disease of varied severity (stages II and IIIA), and 11 with intestinal perforation (stage IIIB) ( Table 3) . Disseminated intravascular coagulopathy (DIC) was found in 4 patients (12%); 6 were in renal failure as a result of NEC (20%).
The overall mortality of patients with CHD who developed NEC was 57%. The mortality of stage I patients was 50%. Two patients died of heart failure and 1 died of an unrelated condition after the NEC had settled. Four of 13 patients (31%) who had de®nite NEC without perforation (stages II and IIIA) underwent surgical intervention because of deteriorating clinical condition; there were 2 each in the cyanotic and acyanotic groups. Both early surgical patients in the cyanotic group survived, while 1 early surgical patient in the acyanotic group survived and 1 died. The survival after surgical intervention was higher than that after medical management (75% vs 44%), although this failed to reach statistical signi®cance (chi-square, P = 0.30) ( Table 3 ). The single mortality in the surgically-treated group was due to an anastomotic leak. The parents of 2 patients in the intestinal perforation group (stage IIIB) did not consent to surgical intervention, and both patients died of the disease. The remaining 9 underwent surgery with 33% survival.
Comparing the cyanotic and acyanotic groups, there were fewer patients with gut perforation in the cyanotic group (29% vs 46%), but the mortality was higher (71% vs 39%, Fisher's exact test, P = 0.078) ( Table 4) . Renal failure, DIC, previous cardiac procedures, and heart failure did not have any signi®cant in¯uence on survival in this series.
Discussion
The current series of 30 neonates with NEC associated with symptomatic CHD is, to the knowledge of the authors, the largest reported in the literature. The inci- dence of NEC in neonates with symptomatic CHD is 3.5% compared to 0.1%±0.3% of live births with NEC alone [2] . Unlike the familiar candidates for NEC, where 90% of babies are preterm [3] , only 25% of these patients were premature. Compared to our own patient population with NEC alone (n = 125), the average gestational age of the patients with NEC and symptomatic CHD was older (37.7 vs 32 weeks) and the birth weight (2.5 vs 1.7 kg) higher [4] . The Apgar scores at 1 and 5 min were satisfactory. These factors may explain the ability of these infants to withstand surgical stresses compared to the classic premature and low-birth-weight babies. CHD has long been recognized as a predisposing factor to NEC [5] . In our series, despite the diversity of the intracardiac lesions, the most commonly associated anomaly was a PDA (24/30 patients, 80%). Irrespective of the associated intracardiac anomalies, the PDA leads to left-to-right shunting, which has been shown to diminish superior mesenteric¯ow [6] . Doppler ultrasound demonstrates that a PDA is associated with absent or reversed blood¯ow in the superior mesenteric artery during diastole, although systolic blood-¯ow velocity may be increased [7] .
Cardiac failure was found in 47% of the patients, which could reduce intestinal perfusion, yet the compensatory extraction of extra O 2 during the period of reduced¯ow to the intestine was found to be absent in piglets of up to 1 week of age [8] , suggesting that the 1st week is a vulnerable period. Cyanotic heart disease was found in 53% of our patients; this may result in hypoxia. The intestinal vasodilation response to hypoxic blood transfusion in piglets aged less than 7 days has been shown to be less than that in older piglets [9] . Again, the 1st week of life is the susceptible period for ischemia. If similar mechanisms operate in human neonates, hypoxia and poor perfusion secondary to CHD may led to ischemia.
Normal human neonatal guts are colonized by 10 days of age [10] . The ischemia and bacterial colonization may be responsible for initiating NEC during the ®rst 2 weeks of life. The ®nding of a mean age of clinical onset of NEC at day 16 in our series is consistent with the timing of vulnerability of the gut and bacterial colonization. Our previous study demonstrated that prostaglandin E 2 infusion with associated hypotension and apnea is responsible for the development of NEC [11] ; 63% of our patients received Iv prostaglandin E 2 . While this ®nding con®rms our previous study, the decline of the overall incidence of NEC in neonates with CHD from 7% to 3.5% may be the result of more prudent use of prostaglandin E 2 and avoidance of apnea and hypotension.
The overall mortality of NEC in neonates with symptomatic CHD in the current series was 57%. This is very high compared to the average mortality of 20% in NEC unassociated with CHD [12] . The mortality is not determined by the severity of NEC alone, but seems to be a function of both NEC stage and cardiac status. Two patients with stage I NEC (suspected cases) died primarily of cardiac failure. Cyanotic heart disease in the current series accounted for 57% of the cases. It had a much higher mortality acyanotic CHD (71% vs 39%, Fisher's exact test, P = 0.078) despite a lower perforation rate (29% vs 46%). The nature of the CHD seems to play a role in determining survival.
In NEC with gut perforation surgery was clearly indicated, and surgical intervention was successful in saving 33% of these patients. The indication for surgery in patients with de®nite NEC but without gut perforation was not clear. Our experience demonstrated that surgery did not pose a higher risk for the patients, but resulted in higher survival compared to medical treatment. The single mortality after surgery, secondary to an anastomotic leak, was potentially avoidable.
It appears that NEC in these neonates is a secondary event to the hypoxia and hypoperfusion that result from CHD. Hence, NEC is potentially reversible if the primary pathology (CHD) is corrected surgically or adequately managed medically. The high mortality is simply a re¯ection of poor cardiac function. These full-term neonates with satisfactory birth weight should be able to withstand the stress of surgery, and should stand a better chance of survival compared to classic premature neonates with NEC if the factor of CHD is taken out of the equation.
In conclusion, NEC in neonates with symptomatic CHD has a high mortality, which may be a re¯ection of 
